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(54) Rotational angle detecting apparatus, torque sensor and steering apparatus 



(57) The rotational angle detecting apparatus, com- 
prising: 

targets provided on a rotor to output a signal which re- 
peats periodical increase and decrease in accordance 
with rotation of the rotor; a first detector for detecting an 
adjacent part of a target; and a second detector for de- 
tecting a part, which is a predetermined angle distant in 
a circumferential direction of the rotor from the part de- 
tected by the first detector, detects the rotational angle 



of the rotor based on the detected signal outputted from 
one of the detectors. The memory stores, corresponding 
to a detected signal value which should be outputted 
from selected one of the detectors, a detected signal val- 
ue which should be synchronously outputted from the 
other detector. Malfunction can be detected by judging 
whether the detected signal value which is stored in the 
memory is approximately the same as the detected sig- 
nal outputted actually. 



FIG. 2 
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Description 

BACKGROUND OF THE INVENTION 
Field of the invention 

[0001] The present invention relates to a rotational 
angle detecting apparatus for detecting an rotational an- 
gle of a rotor, a torque sensor using the rotational angle 
detecting apparatus, and a steering apparatus for gen- 
erating steering assistance force by driving an electric 
motor based on the result of the detection of the torque 
sensor. 

Description of Related Art 

[0002] Some steering apparatus for automobiles as- 
sist steering by driving electric motors thereof, so as to 
lighten drivers' load. A steering apparatus comprises an 
input shaft connected to a steering wheel, an output 
shaft connected to wheels for steering through a pinion 
and a rack, for example, and a torsion bar which con- 
nects the input shaft and the output shaft. A steering 
torque applied to the input shaft is detected as torsion 
generated on the torsion bar by a torque sensor. An 
electric motor for steering assistance, which interlocks 
with the output shaft, is driven and controlled based on 
the detected steering torque. 

[0003] In an essential structure example of a rotation- 
al angle detecting apparatus and a torque sensor based 
on Patent Application Laid-Open No.2000-352502 pro- 
posed by the present applicant, a steering shaft is con- 
nected to a steering wheel 4 at an upper end thereof 
and to a torsion bar 5 at a lower end thereof as shown 
in FIG. 1 . An upper shaft 23 of the steering shaft has a 
plurality of (FIG. 1 shows ten) protruding objects 7, 7... 
made of magnetic material, with a predetermined tilt an- 
gle and along a circumferential surface of an intermedi- 
ate portion 6 thereof. When the upper shaft 23 rotates, 
the protruding object 7 moves in an axial direction of the 
upper shaft 23 . For detecting an adjacent part of the pro- 
truding object 7 moving in an axial direction of the upper 
shaft 23, a MR sensor 1 (a magneto-resistance effect 
element) is fixed to an immovable portion of the auto- 
mobile body, having an appropriate space with and be- 
ing parallel to the intermediate portion 6. 
[0004] A lower shaft 1 8 of the steering shaft is con- 
nected to the torsion bar 5 at an upper end thereof and 
to a pinion 10 at a lower end thereof. The lower shaft 
18, similarly with the upper shaft 23, has a plurality of 
(FIG. 1 shows ten) protruding objects 9, 9... made of 
magnetic material, with a predetermined tilt angle and 
along a circumferential surface of an intermediate por- 
tion 8 thereof. When the lower shaft 18 rotates, the pro- 
truding object 9 moves in an axial direction of the lower 
shaft 18. For detecting an adjacent part of the protruding 
object 9 moving in an axial direction of the lower shaft 
18, a MR sensor 2 (a magneto-resistance effect ele- 



ment) is fixed to an immovable portion of the automobile 
body, having an appropriate space with and being par- 
allel to the intermediate portion 8. 
[0005] The MR sensor 1 has sensors 1A and 1 B, 

5 which have 180° different electrical angles, at the inte- 
rior thereof . Detected signals V1A and V1B indicating 
the part of the protruding object 7, which are detected 
by the sensors 1 A and 1 B, are respectively given to a 
signal processing unit 11 . The signal processing unit 11 

10 detects a rotational angle of the upper shaft 23 based 
on the detected signals V1 A and V1 B. A rotational angle 
detecting apparatus of the upper shaft 23 is thus con- 
structed from the sensors 1A, 1B and the signal 
processing unit 11 . 

15 [0006] The MR sensor 2 has sensors 2A and 2B, 
which have 180° different electrical angles, at the inte- 
rior thereof. Detected signals V2A and V2B indicating 
the part of the protruding object 9, which are detected 
by the sensors 2A and 2B, are respectively given to a 

20 signal processing unit 11 . The signal processing unit 11 
detects a rotational angle of the lower shaft 18 based 
on the detected signals V2A and V2B. A rotational angle 
detecting apparatus of the lower shaft 18 is thus con- 
structed from the sensors 2A, 2B and the signal 

25 processing unit 11 . 

[0007] The MR sensors 1 and 2 are provided in a con- 
dition where the detected signals V1 A and V2A (output 
of sensor) are at the same phase and the detected sig- 
nals V1B and V2B (output of sensor) are at the same 

30 phase as shown in FIG. 3 when no steering torque is 
applied to the steering wheel 4 and the torsion bar 5 is 
not twisted. 

[0008] A torsion angle of the torsion bar 5 is several 
degrees atthe utmost. The signal processing unit 1 1 cal- 

35 culates a steering torque based on difference between 
the rotational angle of the upper shaft 23 obtained from 
a detected signal V1A or V1B and the rotational angle 
of the lower shaft 18 obtained from a detected signal 
V2A or V2B, and outputs a torque signal. 

40 [0009] In a torque sensor constructed as described 
above, every 36° the upper shaft 23 and the lower shaft 
18 rotate, each part of the protruding object 7 and the 
protruding object 9 where is most adjacent to each de- 
tecting surface of the sensors 1 A, 1 B and the sensors 

45 2A, 2B makes a return trip in axial direction of the upper 
shaft 23 and the lower shaft 18. The position in axial 
direction of the upper shaft 23 and the lower shaft 1 8 of 
each part of the protruding object 7 and the protruding 
object 9 where is most adjacent to each detecting sur- 

50 face of the sensors 1 A, 1 B and the sensors 2A, 2B cor- 
responds to the rotational angle of the upper shaft 23 
and the lower shaft 18. 

[0010] In practice, the above-mentioned program for 
calculating each rotational angle of the upper shaft 23 
55 and the lower shaft 18 is omitted. When a steering 
torque is applied to the steering wheel 4 and the torsion 
bar 5 is twisted, voltage difference AV corresponding to 
the torsion angle arises between each detected signal 
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of sensors 1 A and 2A, and each detected signal of sen- 
sors 1 B and 2B. The torsion angle is obtained by calcu- 
lating the voltage difference AV at the signal processing 
unit 1 1 . The signal processing unit 1 1 outputs the torque 
signal expressing the steering torque. 
[0011] However the above-mentioned rotational an- 
gle detecting apparatus and the torque sensor do not 
have means for detecting malfunction of the sensors 1 A, 
1 B, 2A, and 2B when malfunction occurs. Consequently 
when the rotational angle detecting apparatus and the 
torque sensor fail, a torque is calculated based on erro- 
neous detected signals, and an erroneous torque signal 
is outputted. 

BRIEF SUMMARY OFTHE INVENTION 

[001 2] The present invention has been made with the 
aim of solving the above problem. 
[0013] It is an object of the invention to provide a ro- 
tational angle detecting apparatus which can detect 
malfunction. 

[0014] Another object of the invention is to provide a 
torque sensor comprising the rotational angle detecting 
apparatus. 

[0015] A further object of the present invention is to 
provide a steering apparatus comprising the torque sen- 
sor. 

[0016] In a rotational angle detecting apparatus ac- 
cording to the first invention, one or a plurality of targets 
are arranged on a rotor, to output signals which repeat 
periodical increase and decrease in accordance with ro- 
tation of the rotor. First detecting means detects an ad- 
jacent part of the target. Second detecting means de- 
tects a part, which is a predetermined angle distant in a 
circumferential direction of the rotor from the part de- 
tected by the first detecting means. The rotational angle 
of the rotor is detected based on a detected signal which 
is outputted from the first detecting means or the second 
detecting means. A memory stores pairs of detected sig- 
nal values which the first detecting means and the sec- 
ond detecting means should output synchronously. 
Judging means judges whether a pair of detected signal 
values, which is approximately the same as a pair of de- 
tected signal values outputted from the first detecting 
means and the second detecting means synchronously, 
is included in the pairs of detected signal values stored 
in the memory. When the judging means judges in the 
negative, a malfunction indicating signal is outputted. 
[0017] Consequently the above-mentioned rotational 
angle detecting apparatus can detect malfunction, and 
more particularly, can detect the malfunction thereof 
even when the broken rotational angle detecting appa- 
ratus outputs a detected signal which is within a range. 
[0018] In a rotational angle detecting apparatus ac- 
cording to the second invention, one or a plurality of tar- 
gets are arranged on a rotor, to output signals which re- 
peat periodical increase and decrease in accordance 
with rotation of the rotor. First detecting means detects 



an adjacent part of the target. Second detecting means 
detects a part, which is a predetermined angle distant 
in a circumferential direction of the rotor from the part 
detected by the first detecting means. The rotational an- 

5 gle of the rotor is detected based on a detected signal 
which is outputted from the first detecting means or the 
second detecting means. Selecting means selects the 
first detecting means or the second detecting means for 
detecting the rotational angle of the rotor. A memory 

10 stores, corresponding to a detected signal value which 
should be outputted from one of the detecting means 
which is selected by the selecting means, a detected 
signal value which should be synchronously outputted 
from the other detecting means. Judging means judges 

15 whether the detected signal value of the other detecting 
means, which the memory stores corresponding to the 
detected signal value outputted from the one of the de- 
tecting means selected by the selecting means, is ap- 
proximately the same as a detected signal value output- 

20 ted from the other detecting means. When the judging 
means judges in the negative, a malfunction indicating 
signal is outputted. 

[0019] Consequently the above-mentioned rotational 
angle detecting apparatus can detect malfunction, and 

25 more particularly, can detect the malfunction thereof 
even when the broken rotational angle detecting appa- 
ratus outputs a detected signal which is within a range. 
[0020] A torque sensor according to the present in- 
vention comprises a rotational angle detecting appara- 

30 tus according to the first invention or the second inven- 
tion at an input shaft and an output shaft respectively, 
the input shaft and the output shaft being connected by 
atorsion bar. The torque sensor detects a torque applied 
to the input shaft based on rotational angle difference, 

35 which is generated by a torsion of the torsion bar, de- 
tected by the rotational angle detecting apparatus. 
[0021] The above-mentioned torque sensor can de- 
tects malfunction of the rotational angle detecting appa- 
ratus. 

40 [0022] In a steering apparatus according to the 
present invention, an input shaft is connected to a steer- 
ing wheel and an electric motor for steering assistance 
is driven and controlled based on a steering torque ap- 
plied to the steering wheel. An output shaft interlocks 

45 with the electric motor, a torsion bar connects the input 
shaft and the output shaft, the torque sensor according 
to the present invention detects a steering torque ap- 
plied to the input shaft, and steering is assisted based 
on a steering torque detected by the torque sensor. 

50 [0023] The above-mentioned steering apparatus 
comprises the torque sensor which can detects mal- 
function of the rotational angle detecting apparatus. 
[0024] The above and further objects and features of 
the invention will more fully be apparentfrom the follow- 

55 jng detailed description with accompanying drawings. 
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BRIEF DESCRIPTION OF THE SEVERAL VIEWS OF 
THE DRAWINGS 

[0025] FIG.1 is a schematic representation schemat- 
ically showing an essential structure of a rotational angle 
detecting apparatus and a torque sensor of prior art; 
[0026] FIG. 2 is a schematic representation schemat- 
ically showing an essential structure of an Embodiment 
of a rotational angle detecting apparatus and a torque 
sensor according to the present invention; 
[0027] FIG. 3 is a wave form chart showing an exam- 
ple of wave forms of detected signals of MR sensors; 
[0028] FIG. 4 is a graph for illustrating a correlation ex- 
ample of detected signals of MR sensors; 
[0029] FIG.5A and 5B are graphs for illustrating an op- 
eration of a rotational angle detecting apparatus accord- 
ing to the present invention; 

[0030] FIG.6A and 6B are flow charts showing an op- 
eration of a rotational angle detecting apparatus accord- 
ing to the present invention; 

[0031] FIG. 7 is a graph for illustrating an operation of 
a rotational angle detecting apparatus according to the 
present invention; 

[0032] FIG. 8 is a graph for illustrating an operation of 
a rotational angle detecting apparatus according to the 
present invention; and 

[0033] FIG. 9 is a longitudinal sectional view showing 
an essential structure of an Embodiment of a steering 
apparatus according to present invention. 

DETAILED DESCRIPTION OF THE INVENTION 

[0034] The following description will explain the 
present invention in detail with reference to the drawings 
illustrating some embodiments thereof. 

Embodiment 1 . 

[0035] FIG. 2 is a schematic representation schemat- 
ically showing an essential structure of an Embodiment 
of a rotational angle detecting apparatus and a torque 
sensor according to the present invention. The figure 
shows a torque sensor employed for a steering appara- 
tus. The torque sensor has a plurality of (FIG. 2 shows 
ten) protruding objects 7, 7... (targets) made of magnetic 
material, with a predetermined tilt angle and along a cir- 
cumferential surface of an intermediate portion 6 (a ro- 
tor) of an upper shaft 23 (an input shaft) of a steering 
shaft which is connected to a steering wheel 4 at an up- 
per end portion thereof and to a torsion bar 5 at a lower 
end portion thereof. When the upper shaft 23 rotates, 
the protruding object 7 moves in an axial direction of the 
upper shaft 23. For detecting an adjacent part of the pro- 
truding object 7 moving in an axial direction of the upper 
shaft 23, a MR sensor 1 (a magneto-resistance effect 
element) is fixed to an immovable portion of the auto- 
mobile body, having an appropriate space with and be- 
ing parallel to the intermediate portion 6. 



[0036] A lower shaft 1 8 (an output shaft) of the steer- 
ing shaft is connected to the torsion bar 5 at an upper 
end portion thereof and to a pinion 10 at a lower end 
portion thereof. The lower shaft 1 8, similarly with the up- 

5 per shaft 23, has a plurality of (FIG. 2 shows ten) pro- 
truding objects 9, 9... (targets) made of magnetic mate- 
rial, with a predetermined tilt angle and along a circum- 
ferential surface of an intermediate portion 8 (a rotor) 
thereof. When the lower shaft 1 8 rotates, the protruding 

10 object 9 moves in an axial direction of the lower shaft 
18. For detecting an adjacent part of the protruding ob- 
ject 9 moving in an axial direction of the lower shaft 18, 
a MR sensor 2 (a magneto-resistance effect element) is 
fixed to an immovable portion of the automobile body. 

15 having an appropriate space with and being parallel to 
the intermediate portion 8. 

[0037] The MR sensor 1 has sensors 1A and 1B, 
which have 180° different electrical angles, at the inte- 
riorthereof. Detected signals V1 A and V1 B showing the 

20 part of the protruding object 7, which are detected by 
the sensors 1 A and 1 B, are respectively given to a signal 
processing unit 11. The signal processing unit 11 de- 
tects a rotational angle of the upper shaft 23 based on 
the detected signals V1A and V1B. A rotational angle 

25 detecting apparatus of the upper shaft 23 is thus con- 
structed from the sensors 1A, 1B and the signal 
processing unit 11 . 

[0038] The MR sensor 2 has sensors 2A and 2B, 
which have 180° different electrical angles, at the inte- 

30 riorthereof. Detected signals V2A and V2B showing the 
part of the protruding object 9, which are detected by 
the sensors 2A and 2B, are respectively given to a signal 
processing unit 11. The signal processing unit 11 de- 
tects a rotational angle of the lower shaft 18 based on 

35 the detected signals V2A and V2B. A rotational angle 
detecting apparatus of the lower shaft 18 is thus con- 
structed from the sensors 2A, 2B and the signal 
processing unit 11 . 

[0039] The MR sensors 1 and 2 are provided in a con- 

40 dition where the detected signals V1 A and V2A (output 
of sensor) are at the same phase and the detected sig- 
nals V1B and V2B (output of sensor) are at the same 
phase as shown in FIG. 3 when no steering torque is 
applied to the steering wheel 4 and the torsion bar 5 is 

45 not twisted. 

[0040] A torsion angle of the torsion bar 5 is several 
degrees atthe utmost. The signal processing unit 11 cal- 
culates a steering torque based on difference between 
the rotational angle of the upper shaft 23 obtained from 

50 a detected signal V1 A or V1B and the rotational angle 
of the lower shaft 18 obtained from a detected signal 
V2A or V2B, and outputs a torque signal. 
[0041] In a torque sensor constructed as described 
above, every 36° the upper shaft 23 and the lower shaft 

55 18 rotate, each part of the protruding object 7 and the 
protruding object 9 where is most adjacent to each de- 
tecting surface of the sensors 1 A, 1 B and the sensors 
2A, 2B makes a return trip in axial direction of the upper 
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shaft 23 and the lower shaft 18. The position in axial 
direction of the upper shaft 23 and the lower shaft 1 8 of 
each part of the protruding object 7 and the protruding 
object 9 where is most adjacent to each detecting sur- 
face of the sensors 1 A, 1 B and the sensors 2A, 2B cor- 
responds to the rotational angle of the upper shaft 23 
and the lower shaft 1 8. 

[0042] In practice, the above-mentioned program for 
calculating each rotational angle of the upper shaft 23 
and the lower shaft 18 is omitted. When a steering 
torque is applied to the steering wheel 4 and the torsion 
bar 5 is twisted, voltage difference AV corresponding to 
the torsion angle arises between each detected signal 
of sensors 1 A and 2A, and each detected signal of sen- 
sors 1 B and 2B. The torsion angle is obtained by calcu- 
lating the voltage difference AV at the signal processing 
unit 1 1 . The signal processing unit 1 1 outputs the torque 
signal expressing the steering torque. 
[0043] Regarding FIG. 3, an upper threshold and a 
lower threshold are set so that one of detected signals 
V1 A and V1 B and one of detected signals V2A and V2B 
are included in a linear domain within a range between 
the upper threshold and the lower threshold. 
[0044] As shown in FIG. 3, the detected signals V1A 
and V1 B (and also the detected signals V2A and V2B) 
generate the same wave form, electrical angles of which 
are 1 80° different from each other. Consequently, as 
shown in FIG. 4 in which the horizontal axis indicates 
the detected signal V1 A and the vertical axis indicates 
the detected signal V1 B, the detected signals V1 A and 
V1 B generate Lissajous' figure described with the con- 
tinuous line in the figure while the electric angle under- 
goes a 360° transition. 

[0045] In the Lissajous' figure shown in FIG. 4, the de- 
tected signal V1A has two values for one value of the 
detected signal V1B, and the detected signal V1B has 
two values for one value of the detected signal V1A. 
Consequently, even when a value of one of the detected 
signals V1A and V1B is specified, a value of the other 
detected signal cannot be specified. 
[0046] A reference diagram, by which one value of de- 
tected signal V1 B is specified by one value of detected 
signal V1A, is obtained by limiting domains of the Lis- 
sajous 1 figure shown in FIG. 4to wherethe detected sig- 
nal V1 A is in the linear domain in FIG. 3 and is selected 
for detecting the rotational angle, i.e. the torque. The 
reference diagram which shows a relation of each value 
of the detected signal V1A in the limited domain and 
each value of the detected signal V1 B as described with 
the continuous line in FIG. 5A is stored in a memory 3 
which is connected to a signal processing unit 11 . 
[0047] Likewise, a reference diagram which shows a 
relation of each value of the detected signal V1 B in the 
limited domain and each value of the detected signal 
V1 A as described with the continuous line in FIG. 5B is 
stored in a memory 3 which is connected to a signal 
processing unit 11 . 

[0048] Consequently, when the detected signal V1A 



is selected for detecting the rotational angle, i.e. a 
torque, it can be judged whether a value of the detected 
signal V1B (having a permissible range) stored in the 
memory 3, which corresponds to the detected signal 

5 V1 A, is approximately the same as the value of the ac- 
tual detected signal V1 B. When the value of the detect- 
ed signal V1 B stored in the memory 3 is judged not to 
be approximately the same as the value of the actual 
detected signal V1 B, it is judged that the sensor 1 B mal- 

10 functions. Likewise, when the detected signal V1 B is se- 
lected, it can be judged whether a value of the detected 
signal V1A (having a permissible range) store in the 
memory 3, which corresponds to the detected signal 
V1 B, is approximately the same as the value of the ac- 

15 tual detected signal V1 A. When the value of the detect- 
ed signal V1 A stored in the memory 3 is judged not to 
be approximately the same as the value of the actual 
detected signal V1 A, it is judged that the sensor 1 A mal- 
functions. 

20 [0049] The following description will explain an oper- 
ation of the torque sensor constructed as described 
above. 

[0050] In the torque sensor, every 36° the upper shaft 
23 and the lower shaft 18 rotate, each part of the pro- 

25 truding object 7 and the protruding object 9 where is 
most adjacent to each detecting surface of the sensors 
1A, 1B and the sensors 2A, 2B makes a return trip in 
axial direction of the upper shaft 23 and the lower shaft 
18. The position in axial direction of the upper shaft 23 

30 and the lower shaft 18 of each part of the protruding ob- 
ject 7 and the protruding object 9 where is most adjacent 
to each detecting surface of the sensors 1 A, 1 B and the 
sensors 2A ; 2B corresponds to the rotational angle of 
the upper shaft 23 and the lower shaft 1 8. 

35 [0051 ] FIG.6A and 6B are flow charts showing a rota- 
tional angle detecting operation of a rotational angle de- 
tecting apparatus which is constructed from the torque 
sensor 1 A, 1 B and the signal processing unit 11 . 
[0052] Thesignal processing unit 1 1 A/D converts and 

40 reads the detected signals V1 A and V1 B from the sen- 
sors 1Aand 1 B (S2). The signal processing unit 11 judg- 
es whether the detected signal V1A is within a range 
between the upper threshold and the lower threshold 
(S4) and, when the detected signal V1 A is not within the 

45 range, selects the sensor 1 B (S6). On such an occasion, 
a linear domain of the detected signal V1B excluding 
"mb" region in a wave form chart of the detected signals 
V1 A and V1 B, which is shown in FIG. 7, is selected. 
[0053] The signal processing unit 11 then judges 

50 whether the value of the detected signal V1 A read in the 
step S2 is approximately the same as the value of the 
detected signal V1 A corresponding to the value of the 
detected signal V1 B of the sensor 1 B in the reference 
diagram showing the relation which is described with the 

55 continuous line in FIG. 5B, the reference diagram being 
stored in the memory 3 (S8). 

[0054] When the value of the detected signal V1A 
read in the step S2 is not within a range including the 
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permissible range of the value of the detected signal 
V1 A stored in the memory 3 (S1 0) , the signal processing 
unit 11 outputs an error signal showing that the sensor 
1A malfunctions (S12), and the procedure is returned. 
When the value of the detected signal V1A read in the 
step S2 is within a range including the permissible range 
of the value of the detected signal V1A stored in the 
memory 3 (S10), the signal processing unit 11 calcu- 
lates the rotational angle of the upper shaft 23 based on 
the detected signal V1 B (S22), and stores the calculated 
rotational signal (S24). The procedure is then returned. 
[0055] The signal processing unit 11 judges whether 
the detected signal V1 A is within a range between the 
upperthreshold and the lowerthreshold (S4) and, when 
the detected signal V1A is within the range, judges 
whether the detected signal V1 B is within a range be- 
tween the upper threshold and the lower threshold 
(S14). When the detected signal V1B is not within the 
range between the upper threshold and the lower 
threshold, the signal processing unit 1 1 selects the sen- 
sor 1A (S16). On such an occasion, a linear domain of 
the detected signal V1 A excluding "ma" region in a wave 
form chart of the detected signals V1 A and V1 B, which 
is shown in FIG. 7, is selected. 

[0056] The signal processing unit 11 then judges 
whether the value of the detected signal V1 B read in the 
step S2 is approximately the same as the value of the 
detected signal V1B corresponding to the value of the 
detected signal V1A of the sensor 1 A in the reference 
diagram showing the relation which is described with the 
continuous line in FIG 5A, the reference diagram being 
stored in the memory 3 (S18). 

[0057] When the detected signal V1 B read in the step 
S2 is not within a range including the permissible range 
of the detected signal V1 B stored in the memory 3 (S20), 
the signal processing unit 11 outputs an error signal 
showing the malfunction of the sensor 1 B (S1 2), and the 
procedure is returned (S24). When the detected signal 
V1 B read in the step S2 is within the range including the 
permissible range of the detected signal V1B stored in 
the memory 3 (S20), the signal processing unit 11 cal- 
culates the rotational angle of the upper shaft 23 based 
on the detected signal V1 A (S22), and stores the calcu- 
lated rotational angle. The procedure is then returned 
(S24). 

[0058] The signal processing unit 11 judges whether 
the detected signal V1B is within a range between the 
upper threshold and the lower threshold (S14) and, 
when the detected signal V1 B is within the range, further 
judges whether the sensor 1 A was selected at the pre- 
ceding detection (S26). When the sensor 1 A was select- 
ed at the preceding detection, the sensor 1 A is selected 
again (S16). 

[0059] The signal processing unit 11 judges whether 
the sensor 1 A was selected at the preceding detection 
(S26) and, when the sensor 1 A was not selected, further 
judges whether the sensor 1 B was selected at the pre- 
ceding detection (S28). When the sensor 1 B was select- 



ed at the preceding detection, the sensor 1 B is selected 
again (S6). 

[0060] When the detected signal V1 A is within a range 
between the upper threshold and the lower threshold 

5 (S4) and the detected signal V1 B is within a range be- 
tween the upper threshold and the lower threshold 
(S14), the rotational angle is in "ma" region or in "mb" 
region in FIG. 7. The "ma" region and the "mb" region 
are respectively center regions of the linear domains of 

10 the detected signal V1 A and V1 B. Since a value of the 
rotational angle never jumps from the linear domain of 
selected one detected signal to the linear domain of the 
other detected signal as it is obvious from the sampling 
period, the signal processing unit 11 selects the sensor 

15 which was employed at the preceding detection when 
the value of the rotational signal is in "ma" region and 
the "mb" region. 

[0061] The signal processing unit 11 judges whether 
the sensor 1 B was selected at the preceding detection 

20 (S28). When the sensor 1 B was not selected at the pre- 
ceding detection, it denotes that no sensor was selected 
at the preceding detection. It is at startup when no sen- 
sor was selected at the preceding detection and the de- 
tected signals V1A and V1B are both within the range 

25 between the upper threshold and the lower threshold. 
Consequently, the signal processing unit 11 sets zero 
for the rotational angle of the upper shaft 23 (S30) and 
stores the rotational angle (S24). The procedure is then 
returned. 

30 [0062] After the signal processing unit 11 selects a 
sensor (S6, 16), the selected sensor may be broken 
and, moreover, the detected signal may be within the 
permissible range fortuitously as shown in FIG. 8. In that 
case, the malfunction cannot be detected immediately. 

35 However, since it is impossible that the detected signal 
stays within the permissible range when the upper shaft 
23 rotates (conversely, if it is possible, the rotational sig- 
nal detecting apparatus is not broken), the malfunction 
can be detected. 

40 [0063] The operation for detecting the rotational angle 
of the lower shaft 18 of the rotational angle detecting 
apparatus, which is constructed from the sensors 2A, 
2B and the signal processing unit 1 1 , is the same as the 
above-mentioned operation for detecting the rotational 

45 angle of the upper shaft 23 of the rotational angle de- 
tecting apparatus constructed from the sensors 1A, 1B 
and the signal processing unit 1 1 , and the explanation 
is omitted. 

[0064] In the signal processing unit 11 storing a figure 
50 which includes a permissible range described with the 
dashed line in FIG 4 besides Lissajous' figure described 
with the continuous line as a map in the memory 3 be- 
forehand, malfunction of a sensor can be detected 
roughly but readily, by judging whether a pair of the de- 
55 tected signal V1A and V1B is included in the map. 
[0065] When a steering torque is applied to the steer- 
ing wheel 4 and the torsion bar 5 is twisted, angle dif- 
ference equal to the torsion angle of the torsion bar 5 is 
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generated between the detected angle of the rotational 
angle detecting apparatus constructed from the sensors 
1A, 1B and the signal processing unit 11 and the detect- 
ed angle of the rotational angle detecting apparatus con- 
structed from the sensors 2A, 2B and the signal 
processing unit 11 . Thus, thetorsion angle of the torsion 
bar 5 is obtained by calculating the angle difference at 
the signal processing unit 1 1 . The signal processing unit 
11 outputs a torque signal expressing the steering 
torque. 

[0066] In practice, the program for calculating each 
rotational angle of the uppershaft 23 and the lower shaft 
18 is omitted. Malfunction of each of the sensors 1 A, 1B, 
2A, and 2B is detected by obtaining a steering torque 
directly from calculation between the detected signals 
V1A, V1B, V2A, and V2B. 

Embodiment 2. 

[0067] FIG. 9 is a longitudinal sectional view showing 
an essential structure of Embodiment 2 of a steering ap- 
paratus according to present invention. The steering ap- 
paratus comprises an upper shaft 23, an upper end por- 
tion thereof being connected to the steering wheel 4. A 
lower end portion of the upper shaft 23 is connected to 
an upper end portion of a cylindrical input shaft 15 and 
a torsion bar 5 which is inserted into the interior of the 
input shaft 15, through a first dowel pin 14. A lower end 
portion of the torsion bar 5 is connected to a cylindrical 
output shaft 1 8 through a second dowel pin 1 7. The up- 
per shaft 23, the input shaft 15, and an output shaft 1 8 
are rotatably supported to the interior of a housing 22, 
respectively through bearings 19, 20, and 21. 
[0068] The housing 22 comprises, at the interior 
thereof, a torque sensor 13 for detecting a steering 
torque based on a relative displacement of the input 
shaft 15 and the output shaft 18, which are connected 
to each otherthrough the torsion bar 5, and a reduction 
mechanism 25 for reducing rotation of an electric motor 
for steering assistance 24 driven based on a result of 
detection of the torque sensor 13 and transferring the 
reduced rotation to the output shaft 18. The rotation of 
the electric motor 24 assists the operation of the steering 
mechanism in accordance with rotation of the steering 
wheel 4 and lightens driver' load for steering. A lower 
end portion of the output shaft 1 8 is connected to a rack- 
and-pinion type steering mechanism through a univer- 
sal joint which is not shown in the figure. 
[0069] The torque sensor 13 has a plurality of (FIG. 9 
shows ten) protruding objects 7, 7... (targets) made of 
magnetic material, with a predetermined tilt angle and 
along a circumferential surface of an intermediate por- 
tion 6 (a rotor) thereof. The protruding objects 7, 7... are 
arranged to have a space therebetween. For detecting 
an adjacent part of the protruding object 7 moving in an 
axial direction of the input shaft 1 5 when the input shaft 
15 rotates, a MR sensor 1 (a magneto-resistance effect 
element, detecting means) is fixed to an immovable por- 



tion of the automobile body, having an appropriate 
space with and being parallel to the input shaft 1 5. 
[0070] The MR sensor 1 has two sensors which have 
180° different electrical angles at the interior thereof. 
5 Detected signals showing the part of the protruding ob- 
ject 7, which are respectively detected by the two sen- 
sors, are given to a signal processing unit which is not 
shown in the figure. 

[0071] The output shaft 18, similarly with the input 
shaft 15, has a plurality of (FIG. 9 shows ten) protruding 
objects 9, 9... (targets) made of magnetic material, with 
a predetermined tilt angle and along a circumferential 
surface 8 (a rotor) thereof. The protruding objects 9, 9... 
are arranged to have a space therebetween . For detect- 
ing an adjacent part of the protruding object 9 moving 
in an axial direction of the output shaft 1 8 when the out- 
put shaft 18 rotates, a MR sensor 2 (a magneto -resist- 
ance effect element, detecting means) is fixed to an im- 
movable portion of the automobile body, having an ap- 
propriate space with and being parallel to the output 
shaft 18. 

[0072] The MR sensor 2 has two sensors which have 
180° different electrical angles at the interior thereof. 
Detected signals showing the part of the protruding ob- 
ject 7, which are respectively detected by the two sen- 
sors, are given to a signal processing unit which is not 
shown in the figure. 

[0073] The following description will explain the oper- 
ation of the steering apparatus constructed as men- 
tioned above. 

[0074] When the input shaft 15 and the output shaft 
18 rotate without torsion of the torsion bar 5, the input 
shaft 15, the output shaft 18, and thetorsion bar 5 rotate 
integrally. 

[0075] Each part of the protruding objects 7 and 9. 
which is most adjacent to each detecting surface of each 
two sensors of MR sensors 1 and 2, moves in an axial 
direction of the input shaft 1 5 and the output shaft 1 8 in 
accordance with the rotation of the input shaft 15 and 
the output shaft 18. Since the protruding objects 7 and 
9 are arranged to have a space therebetween with a pre- 
determined tilt angle, the axial position of the input shaft 
1 5 and the output shaft 1 8 of each part of the protruding 
objects 7 and 9, which is most adjacent to each detect- 
ing surface of each two sensors of MR sensors 1 and 2. 
corresponds to the rotational angle of the input shaft 15 
and the output shaft 18. 

[0076] When a steering torque is applied to the steer- 
ing wheel 4 and the input shaft 15 and the output shaft 
1 8 rotate with torsion of the torsion bar 5, voltage differ- 
ence corresponding to the torsion angle of the torsion 
bar 5 arises between detected signals of each sensor 
of the MR sensors 1 and 2. The detected signals of each 
sensor of the MR sensors 1 and 2 are given to a signal 
processing unit which is notshown inthefigure, through 
each output cables. As described in Embodiment 1 , the 
signal processing unit of the torque sensor 13 selects 
detected signal of each sensor and outputs signals cor- 
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tation of the rotor (6); 

a first detector (1 A, 2A) for detecting an adja- 
cent part to the target (7); 
a second detector (1 B, 2B) for detecting a part, 

5 which is a predetermined angle distant in a cir- 

cumferential direction of the rotor (6) from the 
part detected by the first detector (1 A, 2A); and 
means (11) for detecting a rotational angle of 
the rotor (6) based on the detected signal out- 

10 putted from one of the first detector (1A, 2A) 

and the second detector (1 B, 2B), 

characterized by further comprising: 

15 selecting means (11) for selecting one of the 

first detector (1 A, 2A) and the second detector 
(1 B, 2B) to detect the rotational angle of the ro- 
tor (6); 

a memory (3) for storing, corresponding to a de- 
20 tected signal value which should be outputted 

from one of the first detector and the second 
detector selected by selecting means (11), a 
detected signal value which should be synchro- 
nously outputted from the other detector; 
25 judging means (11) for judging whether the de- 

tected signal value of the other detector, which 
the memory (3) stores corresponding to the de- 
tected signal value outputted from the one of 
the detector selected by the selecting means 
30 (11), is approximately the same as a detected 

signal value outputted from the other detector; 
and 

means (11) for outputting a malfunction indicat- 
ing signal when the judging means (11 ) judges 
35 in the negative. 

3. A torque sensor, 

comprising the rotational angle detecting appa- 
40 ratus according to Claim 1 or 2 respectively at 

an input shaft (23) and an output shaft (1 8), the 
input shaft (23) and the output shaft (1 8) being 
connected through a torsion bar (5), 
wherein a torque applied to the input shaft (23) 
45 is detected based on difference of rotational an- 

gles detected by the rotational angle detecting 
apparatus, generated with torsion of the torsion 
bar (5). 

50 4. A steering apparatus, comprising: 



responding to a steering torque calculated from the se- 
lected detected signal. 

[0077] The electric motor 24 is driven based on the 
signal outputted from the torque sensor 1 3. The electric 
motor 24 assists the operation of the steering mecha- 
nism in accordance with rotation of the steering wheel 
4, and lightens drivers' load for steering. Where techni- 
cal features mentioned in any claim are followed by ref- 
erence signs, those reference signs have been included 
for the sole purpose of increasing the intelligibility of the 
claims and accordingly, such reference signs do not 
have any limiting effect on the scope of each element 
identified by way of example by such reference signs. 



Claims 

1 . A rotational angle detecting apparatus, comprising: 

a rotor (6); 

at least one target (7) provided on the rotor (6) 
for outputting a signal which repeats periodical 
increase and decrease in accordance with ro- 
tation of the rotor (6); 

a first detector (1 A, 2 A) for detecting an adja- 
cent part to the target (7); 
a second detector (1 B, 2B) for detecting a part, 
which is a predetermined angle distant in a cir- 
cumferential direction of the rotor (6) from the 
part detected by the first detector (1 A, 2A); and 
means (11) for detecting a rotational angle of 
the rotor (6) based on the detected signal out- 
putted from one of the first detector (1A, 2A) 
and the second detector (1 B, 2B), 

characterized by further comprising: 

a memory (3) for storing pairs of detected signal 
values which should be synchronously output- 
ted from the first detector (1 A, 2A) and the sec- 
ond detector (1B, 2B); 

judging means (11) forjudging whether a pair 
of detected signal values, which is approxi- 
mately the same as a pair of detected signals 
synchronously outputted from the first detector 
(1A, 2A) and the second detector (1B, 2B), is 
included in the pairs of detected signal values 
stored in the memory (3); and 
means (11) for outputting a malfunction indicat- 
ing signal when the judging means (1 1 ) judges 
in the negative. 

2. A rotational angle detecting apparatus, comprising: 

a rotor (6); 

at least one target (7) provided on the rotor (6) 
for outputting a signal which repeats periodical 
increase and decrease in accordance with ro- 



an input shaft (23) connected to a steering 
wheel (4); 

an electric motor for steering assistance (24), 
55 driven and controlled based on a steering 

torque applied to the steering wheel (4); 
an output shaft (18) connected to a steering 
mechanism and interlocks with the electric mo- 
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tor (24); 

a torsion bar (5) connecting the input shaft (23) 
and the output shaft (18); and 
a torque sensor according to Claim 3 for detect- 
ing a steering torque applied to the input shaft 
(23), 

wherein the electric motor (24) assists steering 
based on the steering torque detected by the 
torque sensor. 
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